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INTENDED LEARNING OBJECTIVES (ILO) ©) 


By the end of this lecture the student will be able 


to: 


. Describe the microscopic structure of the bone cells 

. Correlate the structure of the bone cells to their 
function 

. Compare between different types of bone and 
cartilage cells 

. Interpret the defect in the microscopic structure of 
bone cells in different diseases 
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Key Points ©) 


e Microscopic structure & function of different types of bone 
cells (osteogenic, osteoblasts, osteocytes & osteoclasts). 


eSite, origin & function of matrix vesicles. 

e Differentiate between osteoblasts €: osteoclasts. 

e Differentiate between chondrocytes € osteocytes. 
e Diseases which affect bone. 
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Bone ©) 


Definition 
Bone is a strong weight bearing form of connective tissue 
characterized by its solid stony hard intercellula 


Function 
1)It forms the skeleton of the body. 
2)It protects the vital organs. 

- Heart and lung in the thoracic cage. 

- Brain in the skull. 

- Bone marrow in the medullary cavity of long 
bones. 
3)Has mechanical and metabolic functions ex. 
It acts as a reservoir for calcium. m NS > 
4) It gives attachment to the muscles and  nto:mwwujeeyopetct.com/wp-content/uploads/2017/12/map.jpg 
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Bone consists of: 


C.T. 
Bone covering 


Bone cells 


- Ground 
l Ra g f substance 
S 
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Matrix 


Periosteum 


(on external 
surface( 


Endosteum 


(on internal 
surface( 


Bone Cells 


ki => 
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1)Osteogenic cells: 

Origin: UMCs and pericyte. 

Site: In the inner osteogenic layer of the 
periosteum and the endosteum. 


LM: 
e Nucleus: central vesicular Cytoplasm: 
basophilic 


E.M: abundant ribosomes, r ER , few Golgi 

complex, and mitochondria. 

Function: They are dividable cells. 

- They divide and differentiate into 
osteoblasts in presence of blood vessels 
and /or good oxygen tension. 


- IFabseñes of blood vessels arnad or dow 


f. 
AS \ 


https://ars.els-cdn.com/content/image/3-s2.0- 


B9780723435020000139-f013-018b- 
9780723435020.jpg 


Lecture Quiz © 


- All the following statements are true concerning osteogenic 
cells EXCEPT: 


a-They are derived from UMCs. 

an differentiate to osteoclast 
c-Are found in both periosteum and endosteum 
d-May change into chondroblasts in low oxygen 


WO 
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Osteoblast 


2) Osteoblasts: 


asophilic cytoplasm 


hite area due to golgi complex 


Origin: mesenchymal stem cells, a aT 
osteogenic cells (good O2) © 
Site: in the inner osteogenic layer of https://1.bp.blogspot.com/-8h)J_8_D-Sg/XEgGa7NuPIVAAAAAAAAO- 


l/qgGdceyGfksSGzwrP31_¡WGsXsC5jlEWQCLcBGAs/s1600/ 
osteoblast.pn 
pr. SER 


periosteum and endosteum. 

LM: 

Shape: single layer of cuboidal cells. 

Cytoplasm: deep basophilic, -ve Golgi 

image near the nucleus (when activel 

secreting the matrix) Torens 
‘ _ secreting 

Nucleus: vesicular and eccen 

E.M: 

- Ribosomes, rER, Golgi complex, 

secretory vesicles (matrix vesicles) and 

mitochondria. 


https://www.google.com.eg 


o Aas 


- Cell processes connect one cell to the | m 
New Five Yea clo-ske https://www.researchgate.net/profile/Michele_Allouche/ 


other ‘and to nearby osteocytes by Gap  pubiston 


Function: non dividable cells 
1)They are responsible for the synthesis and 
secretion of organic component of the 
intercellular substance (osteoid tissue). Type | 
& - 


collagen fibers, proteoglycans, and (glycoproteins) 
such as osteonectin and osteocalcin which binds yO 
Ca2+ ions. | o y 


=a a a Osteoblast Osteocyte 
2)Deposition of the inorganic components of fn" bone tissue) 


bone. Osteoblasts release mMmembrane-enclOSed ros1mmw.google.com.eg/ 
matrix vesicles rich in alkaline phosphatase that 

raises the local concentration of PO, ions which serve 

as foci for the formation of hydroxyapatite 

crystals. These crystals grow rapidly by 
accumulation of more mineral and eventually 

produce a confluent mass of calcified material. 
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Fate: Osteoblasts differentiate as osteocytes 


Matrix Vesicles ©) 


Site: small membranous 3 
structures in the matrix of a a S 
cartilage, bone and at any 4 
site of calcification. 


Origin: by budding from the 
cell membrane of 
osteoblasts, 


Non-collagenous proteins mediate 
a nucleation at the gap zones in collagen 
osteocytes and chondrocyte see 
a = and along collagen fibrils 
2920 


https://www.pnas.org/content/pnas/109/35/14170/F4.large.jpg 
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Function: 
Initiate calcification of the surrounding tissue by one or 
both of two mechanisms:- 


1.They cause precipitation of calcium salts (Ca phosphate) 
by their content of alkaline phosphatase enzyme. 


2.They destroy and inhibit the inhibitors of calcification by 
their content of pyrophosphatase enzyme. 


Secretory vesicles E S 
in osteoblasts Released matrix vesicles Early mineralization 
and collagen fibers around vesicles 


Y 


https: //accessmedicine.mhmedical.com/data/books/2355/janson_fig-13-07.png 
Ossification of bone matrix 
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Lecture Quiz © 


- Osteoblasts are derived from: 


CaJosteogenic cells 


b-Chondrocytes 
c-Osteocytes 
d-Osteoclasts 


- All the following are true concerning osteoblasts EXCEPT: 


a-Show high alkaline phosphatase activity 

b-Have a well-developed r ER and Golgi complex 

c-Synthesize and secret all the organic components of the matrix 
Cd2Connected to each other by tight junction 
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3) Osteocytes: 

Origin: osteoblasts become 

surrounded by the material they 

secrete and differentiate as 

osteocytes enclosed singly within 

the lacunae. 

LM 

e Shape: oval branched cells 
with cytoplasmic processes 
that pass in small canaliculi A AA an 

e Cytoplasm: pale basophilic IR >e T RRE 

* Nucleus: central, oval and i Fea a ia 
deeply stained 


https://www. google. com.eg/url? 
sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwjk8920gpHiAhWC2- 
AKHcObAEUQjRx6BAgBEAU&url=https%3A%2F%2Fwww.apsubiology.org%2Fanatomy 
; %2F2010%2F2010 Exam _Reviews%2FExam_2 Review 15 
New Five Year Program Muscl9%2FEAE6 BANE Histdlogy.htm&psig=AOvVaw0OmTZPireggbNTqgK5hbcj&ust=15575794568 
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E.M: 
- rER, ribosomes, Golgi complex, 
and mitochondria. 


- Cytoplasmic processes of one cell 
joined to other cells by Gap 
junction to allow passage of 


elec ‘olytes between cells ee 

(m fife R \OSENSO ry) f Gavi abot oii ae 
Osteocytes maintain the calcified matrix and their death is followed 
by rapid matrix resorption. 


Fate: it does not have the ability to divide (end cell) 
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Medical Applications ©) 


e The network of osteocyte processes and other bone 
cells is called a “mechanostat”. It monitors mechanical 
loads in bones and signals cells to adjust ion levels and 
maintain bone matrix. Exercise produces increased 
bone density and thickness, while lack of exercise 
leads to decreased bone density. 
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Origin: Fusion of bone marrow derived dl 


monocytes. 


Site: on bone surface where bone 
resorption takes place. It lies in 
depressions in the matrix known as 
resorption lacunae (Howship 
lacunae). 


e Shape: Very large irregular 
motile cell 

e Cytoplasm: foamy 
with striated (brush) border 
facing the bone surface. 


* Nucleus m 
EA mues lr? 


(upto... Module 


Pp Bone 


https://www.google.com.eg/url? 
sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwier- 
SEhJHiANWwA2MBHRMYAYQQjRx6BAgBEAU &url=http%3A%2F%2Fwww.poolia.info 
%2Fosteoclas i OV E 08H8 15575809340 12026 
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https://encrypted-tbn0.gstatic.com/images? 
q=tbn:ANd9GcS9fwNoFCQhf1MqQjdacWalTxfikrPokOx3xSLoAbLlye 
n3wkPvLg 


E.M: Three zones are 
distinguished : 


1) Ruffled border zone: 


Surface projections facing the 
bone surface and contains 
proton pump 


== os S 
= —— A E A ee == 
https://i3.wp.com/i.pinimg.com/736x/60/c5/92/60c5924763734cb3f85e47c0fb5a739d-- 
forensic-anthropology-labs.jpg 19 
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2) Sealing (Clear) zone: 


e Binds the cell tightly to the 
bone matrix. 


e It contains actin 
filaments arranged ina 
ring-like structure. 


https://www.google.com.eg/url? 
sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwia9qTDhpHiAhUrBGMBHU3dA 
scQjRx6BAgBEAU&url=https%3A%2F%2Ffineartamerica.com%2Ffeatured%2Fartwork-of- 
osteoporosis-osteoclast-cell-eats-bone-john-bavosi.html&psig=AOvVaw 1vbF- 


e The plasma membrane at UYkqMVGaSW3286pphSust=1557580690534526 
the site of the clear zone 


Acidified vesicles Ruffled border 


contains adhesion 
molecules to provide a 
tight seal between the 
plasma membrane and TEO MEA 
mineralized matrix of the a nen 


https://il.wp.com/extras.springer.com/2009/978-1-57340-296-5/images/01/0102/large/ 20 
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3) Basolateral zone: contain 
the nuclei and many 
lysosomes: Exocytosis of 
digested material occur from its 
Surface. 
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Function: 
Y Matrix resorption during bone growth and 
remodeling. 


Y Osteoclasts resorb bone tissue by 
releasing protons and 

Y lysosomal hydrolases into the 
microenvironment of the extracellular 
Space to dissolve the hydroxyapatite 
crystals and digest the matrix proteins. 


Y Then transport vesicles containing degraded 
bone material endocytosed at the ruffled 
border fuse with the cell membrane of the 
basolateral region to release their contents. 

Osteoblasts activated by parathyroid 


Ye 


hormone produce M-CSF, RANKL. an: 


athar fartare that reqiilate the formation 
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Osteoclast 


Stem cell in bone marrow 


Endosteum only 


Non branched cell with brush 
border toward bone surface 


Acidophilic cytoplasm 


Multiple nuclei 


3 zones: ruffled, clear, 
basolateral zones 


Bone resorption 


Osteoblast 


Osteogenic cell in good O2 


Inner osteogenic layer of 
periosteum and in the 
endosteum 


Branched cell 


Deeply basophilic with -ve Golgi 
image 


Single eccentric 


RER, Golgi, mitochondria and 
matrix vesicles 


Bone formation 


Shape 


Cytoplasm 


Nucleus 
EM 


Function 


Osteocytes 


Osteoblast 


Branched 


Present singly in lacunae 
Can't divide 


No Interstitial growth in bone 
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Chondrocytes 


Chondroblast 


Oval or round 


Not branched 
Present singly OR in groups in 
lacunae 


Can divide 


Responsible for interstitial 
growth of cartilage 
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Origin 


Shape 


Cytoplasmic 
branches 


Number in 
lacunae 


Division 


Function 


Medical Applications ©) 


Genetic disease characterized by lack of ruffled border of osteoclast 
causing defect im-bene resorption increase-in thickness of bone 

narrowing—-efbone marrow spaces -deerease in blood 
cells formation—— decrease in red blood corpuscle 


TOKdjlSnkyYRVr6usLDvV7gNWU- 
8ldC9WrOA0daJQUK8gr9Y8D8w 
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Osteoporosis: 


" It is caused by estrogen deficiency (postmenopausal), immobilization, 
corticosteroids and smoking. 


" Bone resorptions exceed bone formation resulting in decreased 
thickness of bone 


https://i.dailymail.co.uk/i/pix/2011/04/22/article-0-0636C622000005DC-961_472x306.jpg 
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Lecture Quiz © 


-Bony canaliculi are defined as : 
a-Connection between Haversian canals 
b-Cytoplasmic extensions from osteoblasts 


Channel like structure containing the processes of osteocytes 
d-Bony trabeculae 


- Osteoclasts: 
a) Are small immotile cells 
Have multiple nuclei 
c) Have deep basophilic cytoplasm 
d) Are present in lacunae inside bone matrix 


New Five Year Program 


Musc 


o-skeletal Module 


Key Points ©) 


e Microscopic structure & function of different types of bone 
cells (osteogenic, osteoblasts, osteocytes & osteoclasts). 


eSite, origin & function of matrix vesicles. 

e Differentiate between osteoblasts €: osteoclasts. 

e Differentiate between chondrocytes € osteocytes. 
e Diseases which affect bone. 
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1. Bone is a special type of C.T. with stony hard 
matrix 

2. Bone cells are: osteogenic, osteoblast, osteocyte 
and osteoclast 

3. Osteogenic cells are the stem cells of bone 

4. Osteoblasts are the bone forming cells and are not 
present in lacunae 

5. Osteoclasts are the bone resorbing cells 

6. By EM the osteoclast has four zones; from the 
bone surface they are ruffled border, clear zone, 
vesicular zone and basal zone 
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SUGGESTED TEXTBOOKS ©) 


1. Junqueira’s Basic Histology: Text and Atlas, 15th Edition by 
Anthony Mescher (2018) 


2. Histology a text and atlas with correlated cell and molecular 


Jt JUNQUEIRA'S Pawlina 7th e HIsTOROCY 6) 


Basic Histology 
Text & Atlas 
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A TEXT AND ATLAS 
with Correlated Cell 
and Molecular Biology 
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